A comprehensive transmutation study has been performed for steels considered in the selection of structural materials for magnetic and inertial fusion reactors for the international fusion materials irradiation facility (IFMIF) neutron irradiation environment, as well as in the international thermonuclear experimental reactor (ITER) and a fusion demon stration reactor (DEMO) for comparison purposes. An element by element transmutation approach is used in the study, addressing the generation of: (1) H and He and (2) solid transmutants. The IEAF 2001 activation library and the activa tion code ACAB were applied in the IFMIF transmutation analysis, after proving the applicability of ACAB for transmu tation calculations in intermediate energy systems.
Introduction
The reduced activation (RA) materials based on modified ferritic/martensitic steels (Fe Cr W V Ta), V Cr Ti alloys and SiC composites are under development by the international fusion materials community [1] . However, there is a global consensus that the qualification of materials in a suitable test environment is inevitable for design, construction and safe operation of DEMO fusion reactors. In this sense, an appropriate fusion materials irradiation facility has been proposed: the international fusion materials irradiation facility (IFMIF). In exploring whether fusion-relevant irradiation damage conditions can be realised in IFMIF, evaluation of both displacement damage and solid/gaseous transmutants is necessary.
Our concern here is to perform a comprehensive transmutation study of some low-activation steels for irradiation simulations in the high flux test module (HFTM) of the IFMIF neutron source. Also, we intend to show that an updated version of the ACAB activation code is able to deal properly with this problem using the IEAF-2001 activation library. Calculations for the first wall of international thermonuclear experimental reactor (ITER) and DEMO magnetic fusion reactor are also accomplished and results are compared with those of the IFMIF simulation facility.
In earlier work, different inventory computational codes, previously developed for fusion applications, were shown to be reliable for IFMIF applications with appropriate modifications [2, 3] . Following the same trend, this capability has been incorporated into the ACAB code [4] . Applications to transmutation of different steels and some particular elements have been performed [3] . Here, the analysis is extended to all the potential elements expected to be present in steels, and the study is carried out by means of an element-by-element evaluation. This approach allows us to apply the transmutation results for elements in a straightforward way to study transmutation of any material consisting of some of the considered elements, as well as to analyse the transmutation performance of different materials.
In this transmutation study, we have selected some proposed candidate steels for the first structural wall [5] : (i) several existing 300 series stainless steels (SS304, ITER316 and primary candidate alloy PCA) and (ii) some RA ferritic steels (F82H-IEA and EUROFER 97, and the ODS low-activation ferritic steel LAF-3) intended for use in magnetic and inertial fusion systems. The concentration of alloying and impurity elements can also be found in the literature [5] . For the element-by-element study, we have classified the constituent elements into three groups: (i) typical elements intended for reduced activation ferritic steels (RAFS) as well as most of the ones intended for SS (B, C, N, O, Si, P, S, Ti, V, Cr, Mn, Fe, Y, Ta, and W), (ii) some of the impurity elements in RAFS as well as some of the elements intended for SS and Cr Mo steels (Al, Co, Ni, Cu, Nb, and Mo) and, (iii) impurity elements common to all the steels (Zn, As, Se, Zr, Ru, Rh, Pd, Ag, Cd, Sn, Sb, Te, La, Ce, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Os, Ir, Pt, Au, Pb, and Bi).
Computational methodology and validation process
Transmutation calculations have been performed for fusion neutron energy spectra using the ACAB radionuclide generation/depletion code [4] . The nuclear data used are those from the European Activation File EAF-2003 (EAF XS and EAF DECAY) [6] .
For IFMIF, transmutation calculations have been conducted with an updated version of the ACAB code that can handle the numerous reaction channels for neutron energies over 20 MeV. The updated ACAB code does not rely on a table of fixed reaction types, requiring only a list of resultant isotopes and cross-sections for the production of each. In IFMIF, the neutron source spectrum is extended up to $55 MeV, with $20% of the neutrons having energies above 15 MeV. The activation cross-section library processed for IFMIF is the Intermediate Energy Activation File IEAF-2001 [7] . This library contains the neutron activation cross-section files for 679 nuclides, including stable and isomeric states up to 150 MeV. We have used the group-wise IEAF-2001 library in GENDF format with 256 neutron energy group structure. To be consistent with IEAF-2001, we have processed a complete decay library based on JEFF3.1 Decay Library (3849 radionuclides) with an extra number of 135 radionuclides from other decay sources.
In order to validate our updated ACAB code for IFMIF calculations, we have tested our predictions with a set of integral activation experiments [8] having a neutron spectrum very close to IFMIF. In Table 1 , we present the comparison of activation predictions for a sample of SS316. This steel has been irradiated for 7525 s with a neutron flux of 4.10 · 10 11 n/cm 2 s. We have adopted the average neutron flux in a 45-group energy structure at the centre position of the irradiated steel sample reported in Ref. [8] . The calculation-to-experiment ratios (C/E) obtained by ACAB/G-IEAF-2001 are shown in Table 1 . For the radionuclides most important to the total activity and contact dose rate ( 56 Mn, 54 Mn, 57 Ni, 58 Co and 60 Co), the predictions have demonstrated a reasonable agreement: C/E ratios are between 0.7/1.3. For the rest of the isotopes, larger deviations of C/E from unity were found: C/E ratios are between 0.02/4.45. These discrepancies can arise from: (i) the activation cross-section library, (ii) the fact of neglecting the sequential charged-particle reactions, and (iii) the uncertainties of the sample's initial composition.
Our results are in general in good agreement with those obtained by ALARA and FISPACT codes [2, 3] . However, discrepancies up to 30% have been found for a few isotopes ( 52 Fe, 87m Y). Both the different decay data libraries and the adopted neutron spectrum can explain these differences.
Transmutation element-by-element: gaseous and solid transmutants
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Secondly, the evolution of solid transmutants is investigated. In Table 3 , we illustrate the most important element-by-element transmutation processes in IFMIF after one year of irradiation time: the depletion of the initial Z element and the generation of new elements are given. Regarding major steel constituents, it is seen that the transmutation of W will increase the level of Ta and Re, with approximately the same ratio. The Cr will be transmuted mainly into V, and the Mn into Cr. The Ni will be transmuted into Co by (n,xH) reactions and into Fe by (n,xHe) reactions, 37% and 60%, respectively, and Mo will be transmuted into Nb (52%), Zr and Ru. We have extended such element-by-element calculations to different irradiation times, and we observed that the evolution for most of the initial elements increase/decrease nonlinearly with irradiation time.
Transmutation in steels: application to EUROFER
The element-by-element transmutation results presented in Tables 2 and 3 can be used to predict the transmutation performance of any material irradiated in IFMIF, DEMO and ITER. Fig. 1 shows the total production of H and He for the selected steels under the different scenarios after one year of irradiation. These gaseous transmutant concentrations can be comparable to some initial steel constituents. The higher levels of H and He production are in PCA steel as a consequence of Ni concentration by (n,xH) and (n,xHe) reactions. Regarding IFMIF, the contribution for H generation is due to Cr (8.3%), Fe (47.5%) and Ni (41.5%). For He, the main generation is also due to Cr (9.2%), Fe 
